( 



(19) 




(12) 



EuropSisches Patentamt 
European Patent Office 

Office uropeend s brevets (11) 

EUROPEAN PATENT APPLICATION 

(51) Int Cl. e : G02B 27/09 



1111 

EP 0 886 162 A2 



(43) Date of publication: 

23.1 2.1 998 Bulletin 1 998/52 

(21) Application number: 98111164.4 

(22) Date of filing: 17.06.1998 



(84) Designated Contracting States: 

AT BE CH CY DE DK ES R FR GB GR IE IT U LU 
WICNLPTSE 

Designated Extension States: 
ALLTLVMKROSI 

(30) Priority: 19.06.1997 JP 178964/97 

(71) Applicant: 

MATSUSHITA ELECTRIC INDUSTRIAL CO., LTD. 
Kadoma-shi, Osaka-fu, 571 (JP) 



(72) inventors: 
• Nakasuji, Akio 
Sanda-shi, Hyogo, 669-1324 (JP) 



• Yoshioka, Toshlhiro 
Katano-shi, Osaka, 576-0012 (JP) 

• Yoshlkawa, Motobobu 
Osaka-shl, Osaka, 546-0013 (JP) 

• Yamamoto, Yoshfharu 
Toyonaka-shi, Osaka, 560-0056 (JP) 

(74) Representative: 

Grunecker, Kinkeldey, 
Stockmair & Schwanhausser 
Anwaltssozietat 
Maximilianstrasse 58 
80538 Munchen (DE) 



(54) Light source equipment, optical scanner and data reading apparatus using the same 

0.3<2 • fy • tan(8y/2)<0.7 



(57) The light source equipment is provided with a 
light source(l) and an anamorphic single lens(2). 

The anamorphic single lens(2) has different refract- 
ing powers in the x and y directions orthogonal to each 
other, and converts a light from the light source(1) to a 
light beam in a required state. Farther the anamorphic 
single lens(2) satisf ies the following equation: 



fy>fx 

where fx is a focal length in the x direction, fy is a 
focal length in the y direction, and 6y is a half angular 
divergence of radiant intensity of the light in the y direc- 
tion. 
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s Description 
BACKGROUND OF THE INVENTION 
s Field of the Invention 

The present invention relates to light source equipment which converts light outgoing from a light source such as a 
semiconductor laser to a light beam having a required distribution light intensity, and in particular it relates to light 
source equipment, an optical scanner and data reading apparatus for which it is necessary to provide a light beam 
70 whose beam diameter in its optical axis direction is unchanged. 

Description of the Related Art 

Recently, a bar code reader which is able to read bar code information has widely been used for commodity control, 
is etc. It is requested that in a current handy type laser bar code reader such an optical system is employed in which the 
1/e 2 diameter of a light intensity distribution on the scanning surface is greater in a direction (subscanning direction) 
orthogonal to the main scanning direction that in a scanning direction (main scanning direction), and with little change 
in the beam diameter in the optical axis direction is a little. According to a laser bar code reader which satisfies such 
requirements, it is possible to read a bar code recorded with long lines in the subscanning direction in a wide range in 
20 the optical axis direction and also possible to attempt to decrease noise. 

Semiconductor lasers which are cheap in cost are mostly used light source for bar code readers. However, it 
causes a problem in that the astigmatic interval and radiation expanding angle are different among the respective com- 
ponents of a semiconductor laser. Conventionally, some light source equipment in which the astigmatic interval and 
radiation expanding angle are corrected are disclosed in technical literature. 
25 It is disclosed that the astigmatic interval is corrected by using a cylindrical lens in the United States Patent No. 
4.253,735, No. 5,081 ,639. etc., a prism in Japanese Laid-open Patent Publication No. 1 10,009 of 1994, and a scanning 
mirror having a refracting power in Japanese Laid-open Patent Publication No. 55,178 of 1996. 

Furthermore, a technique for adjusting the radiation expanding angle of a laser by a single lens is disclosed by Jap- 
anese Laid-open Patent Publication Nos. 254,925 of 1 986, 1 09,31 7 of 1 989, and 305,61 5 of 1 992. 
30 However, in a method using a cylindrical lens and a prism, there are some problems wherein the number of com- 
ponents is increased to cause the production cost to also increase and therein lies the difficulty in downsizing. Further- 
more, the processing of a scanning mirror with refracting power is difficult without increasing production costs. 

Still furthermore, there were some conventional single lenses for adjusting the radiation angle, in which the change 
in the beam diameter in the optical axis direction could not be decreased since there was an objective of improving the 
35 optical utilization efficiency. 

SUMMARY OF THE INVENTION 

The present invention was developed in view of the abovementioned situations, and it is therefore an object of the 
40 invention to provide light source equipment, an optical scanner and data reading apparatus which are able to achieve 
the downsizing thereof and to reduce the production cost with changes in the beam diameter with the optical axis direc- 
tion suppressed, and to read information such as bar codes recorded with long lines in the subscanning direction in a 
wide range in the optical axis direction. 

Light source equipment of the present invention comprises light source and an anamorphic single lens which has 
45 different refracting powers in the respective directions. Where it is assumed that one direction where the beam diameter 
of a light beam emitted from the light source equipment is smaller is V direction, and the other direction, orthogonal to 
the V direction, where the beam diameter is greater is y direction, the anamorphic single lens satisfies the following 
conditional equation where the focal length in the x direction is fx, the focal length in the y direction is fy, and the half 
angular divergence of radiant intensity of light beams from the light source is 6y. 

so 

0.3<2*fytan(6y/2)<0.7 
fy>fx 

55 If the [2 • fy • tan(9y/2)] is less than the lower end of the conditional equation, the change in the beam diameter in 
the y direction of the optical axis direction is increased, and if the [2 • fy • tan(6y/2) ] is greater than the upper end 
thereof, the beam diameter is increased as a whole although it is possible to make the change of the beam diameter 
smaller. According to the invention, it is possible to prevent the change of the y direction beam diameter from becoming 
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greater and the entire beam from becoming larger. 

Light source equipment is provided with a light source having different angles of radiation in the x and y directions 
orthogonal to each other, and an anamorphic single lens, having different refracting powers in the respective orthogonal 
directions, into which light beams are made incident from the light source. The abovementioned light source meets a 
5 conditional equation of 9y<6x where the half angular divergence of the radiant intensity in the x direction is Bx and the 
haK angular divergence of the radiant intensity in the y direction is 8y, and the abovementioned anamorphic single lens 
is such that the incidence surface thereof has a negative refracting power in the y direction and is a toric surface having 
a positive refracting power in the x direction, and if the focal length in the x direction is fx and that in the y direction is fy, 
the same lens meets the following conditional equation. 

w 

0.3<2-fytan(6y/2)<0.7 
fy>fx 

is According to the invention, since it is possible to design the focal length fx in the x direction independently from that 
in the y direction, it is possible to improve the optical utilization efficiency while meeting the beam diameter, in compar- 
ison with a lens constructed of a cylindrical surface and an axial symmetry aspheric surface. 

BRIEF DESCRIPTION OF THE DRAWINGS 

20 

FIG.1 is a configuration^ view of light source equipment according to a first embodiment of the invention, 
FIG.2 is a graph showing changes in the beam diameter according to the f irst numerical example, 
FIG.3 is a graph showing changes in the beam diameter according to the second numerical example, 
FIG.4 is a graph showing changes in the beam diameter according to the third numerical example, 
25 FIG.5 is a conf igurational view of light source equipment according to a second embodiment of the invention, 
FIG.6 is a graph showing changes in the beam diameter according to the fourth numerical example. 
FIG.7 is a configuration view of an optical scanner according to a third embodiment of the invention, and 
FIG.8 is a configurationa! view of data reading apparatus according to a fourth embodiment of the invention. 

30 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Hereinafter, a detailed description is given of preferred embodiments of the invention with reference to the accom- 
panying drawings. 

35 (First embodiment) 

F1G.1 is a conf igurational view of light source equipment according to a first embodiment of the invention. 
This embodiment is a design example which aims at satisfying the conditions that the beam diameter (1/e 2 inten- 
sity) in the x direction is 0.4mm or less and the beam diameter in the y direction is from 0.4mm through 1.2mm in a 
40 range of about 1 70mm in the optical axis direction. 

In FIG.1 , 1 is a semiconductor laser; 2 is an anamorphic single lens, the emission surface of which is an axial sym- 
metry aspheric surface on a cylindrical surface whose incidence surface has a refracting power in only the x direction; 
and 3 is a circular lens stop in which the beam diameter in the x direction is able to meet the required performance. The 
semiconductor laser 1 has a wavelength ?i^670nm, astigmatic interval As=5jxm, angle 6y of horizontal radiation (hatf 
45 angular divergence)=6 through 8 degrees, and angle 8x of vertical radiation (half angular divergence)=25 through 35 
degrees, and is disposed so that the x direction has a greater angle of radiation. 

Next, detailed numerical examples and arrangements of an anamorphic angle lens are shown in Table 1 to Table 
3. In the Tables, fx is a focal length (mm) in the x direction; fy is a focal length (mm) in the y direction; RDxl is a radius 
(mm) in the x direction on the incidence surface; RDyl is a radius (mm) in the y direction on the incidence surface; RD2 
so is a radius (mm) on the emission surface; CC is a conical constant of the emission surface; TH is the center thickness 
(mm); WD is an operating distance including a cover glass 0.25mm thick having a refractive index of 1 .49; D is a range 
(mm) from the lens emission surface to the lens stop; APw is a lens stop diameter (mm); X is a design wavelength (mm) ; 
As is an astigmatic interval (mm); n is a refractive index of nitric material; and L is a range (mm) from the lens stop to 
an image plane. Furthermore, the axial symmetry aspheric surface profile is expressed in the following equation where 
55 a sag from the top of a plane at a distance p (mm) from the symmetrical axis is z (mm) with the advancement direction 
of a light beam made positive. 
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1 + Jl-(1 + CC)(^) 2 

5 

(Numerical example 1) 



Table 1 



75 



20 



fx 


2.847 






3.0 


RDx1 


16.0 




RDy1 


oo 


RD2 


-1.535 




CC 


-5.71138e-01 


TH 


2,0 




WD 


1.715 


D 


3.0 




APw 


0.670 


X 


670 




As 


0.005 


n 


1.511567 








L 


83-250 









(Numerical example 2) 

25 

Table 2 



3D 



35 



fx 


3.057 




V 


3.2 


RDx1 


20.50 




RDyl 


oo 


RD2 


-1.637 




CC 


-5.72720e-01 


TH 


2.0 




WD 


1.925 


D 


3.0 




APw 


0.680 




670 




As 


0.005 


n 


1.511567 








L 


83-250 









40 

(Numerical example 3) 



Table 3 



45 



SO 



55 



fx 


3.351 




ty 


3.5 


RDx1 


25.0 




. RDy1 


oo 


RD2 


-1.790 




CC 


-5.7831 Oe-01 


TH 


2.0 




WD 


2.229 


D 


3.0 




^APw 


0.680 


X 


670 




As 


0.005 


n 


1.511567 








L 


83-250 









In any one of the numerical examples, the emission light beam in the x direction and emission light beam in the y 
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direction are slightly divergence light. 

a*. d^S in the respect directs in the optica, 

side^on. thesimulaL *cSS?h|^SS^ "« 0 ™- 

20 through 35% in me numer^^ 

drical surface having a po^TreSg pSaTXx S3 ^^^^^^^ceisnSeacylin- 
refracting power in the y direction d eCt,0a rt ^ ^ a Wical surface having a negative 

-d^LTa^ J* ~- * instructed of a semi- 

condrtiona. equation is dis^ Z -SS£SSi ^ZJf* ,ens «"* *• abovementioned 
a divemence beam in the y direction and to, ^^aenc^-m ^ * ° 0Wirt>d t0 3 P 3 *" 6 ' ^ or 

required distribution light intensity loosed S^IT » ic Z * X 3 ,enS ** «** obtei "s a 

(1/e* intensity) in the 'direction* o l^aS' iTl "l* *" COrKWi ° nS ^ *» beam diamet * 
a range of about 1 70mm in the optical S ^tTST Z ? * '*"" °- 4mm to 1 2mm in 

in which the beam diameter is greaS E5?S*I2! tVfTV? " bS3m ""^ P rofile 

Furthermore, since the anamtrph ic mTJSZS? J? * 0 " " * 0pfeal 3x18 ran 9 e - 

a cylindrical surface having SSZS? ^constructed so that its incidence surface is made- 
refracting power in only the y SStjRfiE ^SSIS rlT™ *■ f **** 3 "■»*» 
stole to produce light source equipment h^no^^^tL „ T*l aSpheric surf3ce - * is P° s " 
atr/ely low cost 9 106 abovement,oned excel| e* performance characteristics at a compar- 

asphS u r:i e ^ 

ance can be improved. * h3Ve a *** refractm 9 P°« er - ^rein the out-of-axis perfcj. 

tions F Sy^r e C ^ 

and that in the y direction is ey (deg.), the light So^ 
35 (Second embodiment) 

tio,™^ 

in the x direction is 0.4mm or less and7e\^^ 
about 170mm in me optica] ax^direction ^ 

face of which has a refracfino nJZ » 1 " .^ 7 300 ne ° atwe in *• » «*«*« and the emission sur- 

cular lens stop disposed so SSZ . ilSSZES^ " ? ' Bnd 13 * 3 * 

laser 11 has a wavelength x=670nm, astig^ interS ^^n^ T'* P - *™"** ^ semiconductor 
gence)=6 through 8 degrees and angle e^verST^ T « 9 * * h0n20ntal radiation ^ an 9 ular "iver- 
isd^edsotUefd^ 

, '-9^^^^ ^,e len, wherein fx fe a focal 
incidence surface; RDyl is a radius S hfS vTi^n * w * 3 radiUS (mm) h 1,16 x drection ° n 

radius in the x direction on the irSS Mhoi-RoSkTif T*T 001 * 3 C ° niCal COnstant 01 •» 

RDy2 is a radius (mm) in tine y c^^^Sl^^!^ " * dirSCti0n °" emfesi0n Surface: 

emission surface; TH is the center tinic^i (mmT^S 1 ^ . V COnStant in tne * * r6aion on *e 

having a refractive index of iT^D is aranoe Z fr^l T COV8r 9 ,ass °-2Smm thick 

diameter (mm); x is a design m^SSK^ L ,ens , em,ss,on to the lens stop; APw is a lens stop 

rial; and L is a range (mm) Ztoe S SteVJS^ST^Z^ " fe 3 Mve index «* nitric 
typetor^surface which isUressed^^ 
tem.mwh.chti.esurfecetc^r^ 
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positive. 



Z = RDy*\ - IgSjtfl J{*Dy1-f(x)} 2 -y 2 



/?Dx1 



70 



1 + J1-(1 + CC1)(^) £ 



Furthermore, the toric surface of the emission surface is a barrel type toric surface expressed by the following equation 
as in the above. 



75 



Z- RDxZ - Ijjgg! J{flDx2 - /(/)} 2 - x 2 



2D 



1y>- 



ftDy2 



1 + Jl.(1 + CC2)(^) 5 



(Numerical example 4) 



25 



Table 4 



3D 



35 



40 



fx 


2.5 




fy 


3.2 


RDxl 


2.584 




RDyl 


-5.254 


RD2 


-1.873 




RDy2 


-1.410 


CC1 


-2.42831 e+01 




CC2 


-4.44445e-01 


TH 


2.0 




WD 


1.711 


D 


3.0 




APw 


0.700 




670 




As 


0.005 


n 


1.512190 




L 


83-250 



(Numerical example 5) 



Table 5 



45 



SO 



55 



fx 


2.0 




fy 


- 3.2 


RDx1 


1.205 




RDy1 


-3.932 


RD2 


-2.987 




RDy2 


-1.356 


CC1 


-.12306e400 




CC2 


-4.371 42e-01 


TH 


2.0 




WD 


1.650 


D 


3.0 




APw 


0.700 


X 


670 




As 


0.005 


n 


1.512190 




L 


83-250 



In any one of the numerical examples, the emission beam in the x direction is a convergence light, and the emission 
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beam in the y direction is slightly divergence light. 

Next, the results of simulation of changes in the optical axis direction of the beam diameter (1/e 2 intensity) in the 
respective directions including unevenness o1 the angle of radiation are shown. Furthermore, taking Fresnel refraction 
into consideration, the simulation was carried out with the lens made aberration-free. 

5 FIG.6 shows the beam diameter in the x direction, and that in the y direction according to the numerical example 
4. Taking the unevenness in the angle of radiation into consideration, the light utilization efficiency of light beam passing 
through the lens stop is 31 to 50% for the numerical example 4 and 38 to 60% for the numerical example 5. Therefore, 
the light utilization efficiency of the second embodiment is higher than that of the first embodiment. Furthermore, 
although the emission surface is made a toric surface, an axial symmetry aspheric surface may be acceptable, depend- 

io ing on some specif ications. 

According to the second preterred embodiment thus constructed, since the profile of the anamorphic single lens is 
constructed so that its incidence surface is a toric surface having a negative refracting power in the y direction and a 
positive refracting power in the x direction and its emission surface is a toric surface having a positive refracting power 
in the y direction, it is possible to design the focal length fx in the x direction independently from that in the y direction. 

75 Therefore, it is possible to improve the light utilization efficiency 1 0 to 30% in the case of the abovementioned numerical 
examples, in comparison with a lens constructed of a cylindrical surface and an axial symmetry aspheric surface. 

(Third embodiment) 

20 FIG.7 is a conf igurational view of an optical scanner according to a third preferred embodiment of the invention. 

In FIG. 7, 21 is light source equipment illustrated in the first preferred embodiment and 22 is a scanning mirror for 
scanning with a light beam in the x direction. This equipment is optical scanning equipment which meets the conditions 
that, with respect to the required distribution of light intensity on a scanning surface, the beam diameter (1/e 2 intensity) 
in the x direction is 0.4mm or less and the beam diameter in the y direction is 0.4mm to 1.2mm in a range of about 
25 170mm in the optical axis direction. 

According to the third preferred embodiment thus constructed, since light source equipment according to the first 
embodiment is used for an optical scanner, the intensity distribution differs in the orthogonal direction on the scanning 
surface, wherein even though the position of the scanning surface changes in the optical axis direction, such an effect 
can be obtained, by which the change in the beam diameter can be reduced and become smaller. 

(Fourth embodiment) 

FIG.8 is a configuration^ view of a data reading apparatus according to a fourth preferred embodiment of the 
invention. 

35 In FIG.8, 31 is an optical scanner illustrated in the third preferred embodiment; 32 is a recorded bar code; and 33 
is a sensor composed of a light condenser optical system and an optical sensor. 

As the bar code 32 is read by scanning it with a light beam in the x direction with the lengthwise direction of the bar 
code coincident with the y direction, it is possible to easily read data since the range is wide, which meets the conditions 
that the beam diameter (1/e 2 intensity) in the x direction is 0.4mm or less and the beam diameter in the y direction is 

40 0.4mm to 1.2mm. 

With the fourth preferred embodiment thus constructed, it is possible to scan with a light beam having different light 
intensities in the respective directions, which is optimal to read data on the information recorded surface such as a bar 
code, etc., and furthermore, even though the position of the information recorded surface in the optical axis direction is 
changed, it is possible to read data with errors minimized since the beam diameter change is slight. 

♦ 45 , 

Claims 

1 . Light source equipment comprising: 

so alightsource(1);and 

a single lens(2), having different refracting powers in the x and y directions orthogonal to each other, for con- 
verting light incident from said light source(1) to a light beam in a required state and emitting the converted light 
beam; 

wherein said single lens(2) meets the following equation: 

55 

0.3<2-fytan(6y/2)<0.7 
fy>fx 
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where fx is a focal length in the x direction, fy is a focal length in the y direction, and 6y is a half angular . 
divergence of radiant intensity of the light coming from the light source(1 ) in the y direction. 

2. The light source equipment according to claim 1, further comprising a lens stop(3), disposed at the emission side 
5 of said single lens(2), for converting said light beam to a required intensity distribution. 

3. The light source equipment, according to claim 1 , wherein said single lens(2) receives a diverging light beam inci- 
dent from said light source(1), and converts the incident light beam to a parallel beam or a divergence beam in the 
y direction and converts it to a convergence beam in the x direction. 

TO 

4. The light source equipment according to claim 1 , wherein said single lens(2) has a cylindrical surface on at least 
one of either the incidence surface or emission surface, said cylindrical surface has a positive refracting power in 
only the x direction. 

15 5. The light source equipment according to claim 4, wherein said single lens(2) has a cylindrical surface on the inci- 
dence surface which has a positive refracting power in only the x direction. 

6. The light source equipment according to claim 1 , wherein said single lens(12) has a cylindrical surface on at least 
one of either the incidence surface or emission surface which has a negative refracting power in only the y direction. 

20 

7. The light source equipment according to claim 6, wherein said single lens(12) has a cylindrical surface on the inci- 
dence surface which has a negative refracting power in only the y direction. 

8. The light source equipment according to claim 1 , wherein said single lens has(2) an axial symmetry aspheric sur- 
25 face on at least one of either the incidence surface or emission surface of said single lens. 

9. The light source equipment according to claim 8. wherein the emission surface of said single lens(2) is an axial 
symmetry aspheric surface. - 

.30 10. The light source equipment according to claim 1, wherein said light source(1) has different angles of radiation in 
the x direction and the y direction and satisfies the following equation 

ey<ex 

35 where the half angular divergence of the radiant intensity in the x direction is ex and the half angular divergence of 
the radiant intensity in the y direction is 6y. 

11. The light source equipment according to claim 1 t wherein said light source comprises a semiconductor laser. 

40 12. Light source equipment comprising: 

a light source(1 1 ) having different angles of radiation in the x direction and y direction orthogonal to each other; 
and 

a single lens (12), having different refracting powers in the directions orthogonal to each other, for converting 
45 Tight incident from said light source to a light beam in a required state; 

wherein said light source(1 1 ) satisfies the following equation; 

6y<9x 

so and, 

said single lens(12) has a toric surface on the incidence surface which has a negative refracting power in the 
y direction and a positive refracting power in the x direction, and satisfies the following equation: 

0.3<2-fytan(6y/2)<0.7 

55 

fy>fx 

where 6x is a half angular cfivergence of the radiant intensity in the x direction of the light source(1 1). 0y 
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is a half angular divergence of the radiant intensity in the y direction of the light source(1 1), fx is a focal length 
in the x direction, and fy is a focal length in the y direction. 

1 3. The light source equipment according to claim 1 2, wherein said single lens (1 2) has a toric surface or an axial sym- 
5 metry aspheric surface on the emission surface which has a positive refracting power in the y direction. 

14. The light source equipment according to claim 12, wherein said light source(H) comprises a semiconductor laser. 

15. An optical scanner comprising: 

10 

light source equipment described in any one of claims 1 through 4; and 

scanning means(31) for scanning by swinging a light beam emitted from said light source equipment 

16. A data reading apparatus for reading information recorded on a recorded surface by scanning said recorded sur- 
is face with a light beam, comprising: 

an optical scanner(31) for scanning said recorded surface with a light beam; and 
sensing means(33) for sensing reflection light from said recorded surface scanned; 

wherein said optical scanner(31) is composed of light source equipment including a light source(1,1 1) 
20 and a single iens(2,1 2) having different refracting powers in the respective directions orthogonal to each other; 

and scanning means for scanning with a light beam. 

17. The data reading apparatus according to claim 16, wherein said light source equipment includes light source equip- 
ment described in any one of claims 1 through 4. 

25 

18. The data reading apparatus according to claim 16. wherein said single lens(2) converts a divergence beam incident 
from said light source(l) to a convergence beam in a main scanning direction which is a scanning direction and 
converts it to a parallel beam or a divergence beam in the subscanning direction vertical to the scanning direction. 

30 19. The data reading apparatus according to claim 16, wherein said single lens(2) has a cylindrical surface on at least 
one of either the incidence surface or emission surface which has a positive refracting power in only the x direction. 

20. The data reading apparatus according to claim 16, wherein said single lens(2) has a cylindrical surface on the inci- 
dence surface which has a positive refracting power in only the x direction. 

25 

21. The data reading apparatus according to claim 16, wherein said single iens(12) has a cylindrical surface on at least 
one of either the incidence surface or emission surface which has a negative refracting power in only the y direction. 

22. The data reading apparatus according to claim 1 6, wherein said single lens(2) has a cylindrical surface on the inci- 
40 dence surface which has a negative refracting power in only the y direction. 

23. A data reading apparatus according to claim 16, wherein said single iens(12) is such that at least one of either the 
incidence surface or emission surface thereof is an axial symmetry aspheric surface. 

45. 24. The data reading apparatus according to claim 16, wherein said single lens(12) has an axial symmetry aspheric 
surface on the emission surface. 

25. The data reading apparatus according to claim 16. wherein said light source(1) is such that the angle of radiation 
in the x direction is different from that in the y direction and satisfies the concfition of By<8x, 

so where 6x is a half angular divergence of the radiant intensity in the x direction, and By is a half angular diver- 

gence of the radiant intensity in the y direction. 

26. The data reading apparatus according to claim 16, wherein information recorded on a recording surface is a bar 
code. 

55 

27. The data reading apparatus according to claim 16, wherein the wavelength of said tight source ts in a visible range. 
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CHANGE OF BEAM DIAMETER (x) 




FIG. 2A 
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FIG. 4A 



165 
L (mm) 

-Q-- x DIRECTION (30deg) 
x DIRECTION (25deg) 
-*-x DlRECTION(35deg) 



CHANGE OF BEAM DIAMETER (y) 



It 

w CO 
5 z 
< m 

p 

LU ^ 

m w 




1.0 
0.8 
0.6 
0.4 
0.2 
0.0 



=3* 



80 



FIG. 4B 
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